Abstract Although numerous studies have focused on the seasonal dynamics of riverine zooplankton, little is known about its short-term variation. In order to examine the effects of sampling frequency and sampling effort, microcrustacean samples were collected at daily intervals between 13 June and 21 July of 2007 in a parapotamal side arm of the river Danube, Hungary. Samples were also taken at biweekly intervals from November 2006 to May 2008. After presenting the community dynamics, the effect of sampling effort was evaluated with two different methods; the minimal sample size was also estimated. We introduced a single index (potential dynamic information loss; to determine the potential loss of information when sampling frequency is reduced. The formula was calculated for the total abundance, densities of the dominant taxa, adult/larva ratios of copepods and for two different diversity measures. Results suggest that abundances may experience notable fluctuations even within 1 week, as do diversities and adult/ larva ratios.
Introduction
One hinge of monitoring ecological communities is the sample-taking procedure, which has both some practical and theoretical aspects. When our objective is to explore temporal patterns in a given community, we have to face at least two problems: sampling effort and sampling frequency. It is conspicuous that sampling effort influences sample representativeness in some ways (Cao et al. 2002a, b; Erős 2006, 2008) . There are also computer techniques, e.g. the bootstrap method (Efron 1979; Efron and Tibshirani 1993) , which generates frequency distributions of the parameter of interest, and the sampling sufficiency is achieved when the parameter reaches stability or the required level (DePatta Pillar 1998) . The importance of rare species in community analyses is also a controversial issue. Some authors have questioned the use of rare species as they contribute little to community dynamics and add background noise (Marchant 1999; Gauch 1982) ; others argued that deleting rare species can damage the sensitivity of methods (Cao et al. 1998 ). In the simplest case, sampling effort means designating the minimal sample size, which is considered optimal when the potential species number is maximised. In practice, the area containing most of the species of the investigated community is refered to as the constant minimal area (Balogh 1953) . One useful method for determining the constant minimal area of a community is applying the constant rule of Du Rietz et al. (1920) . The Du Rietz curves describe the relationship between species number and its constancy levels. Incidental species may lead to an overestimation of the species minimal area, whereas highly dominant species may lead to an underestimation of the abundance minimal area (Kronberg 1987) .
When determining the sampling frequency, one should take into consideration the generation time of the investigated population, which is estimated at 3-7 days by rotifers, weeks by cladocerans and months by copepods (Naidenow 1998) . Zooplankton investigations with daily frequency have been conducted poorly due to the relatively labourintensive and time-consuming work. These studies have focused on population dynamics and production of a given species (Bothár 1987; Mavuti 1994) or elucidating possible factors controlling plankton dynamics (Ferrari et al. 1985; Zagami et al. 1996; Gulyás 1987) ; however, little emphasis was put on the evaluation of sampling strategies (Bothár 1996) . The diel vertical migration of zooplankton is well-documented (Cushing 1951; Lampert 1989; Bollens and Frost 1991; Cuker and Watson 2002) , but it is based on sampling within a day, which does not contribute to our better understanding of seasonal patterns.
Although the Water Framework Directive of the European Union does not require the monitoring of zooplankton communities, it can still provide us with useful information inasmuch as zooplankton is regarded as a crucial component of aquatic ecosystems because of its abundance and its role in the trophic chain.
The present paper was aimed at examining the species composition and temporal patterns of the planktonic crustacean assemblage within a 1.5-year study with special regard to a 39-day-long period when zooplankton was sampled with daily frequency. The age, sex and productivity distributions of the most abundant species were also determined within the 39 days. Diversity patterns were analysed with various methods (diversity indices, diversity profiles). The main purpose of this study was to detect the effect of sampling effort and sampling frequency on the composition of the planktonic crustacean assemblage. The optimal sample size was defined based on two different methods. A simple index [potential dynamic information loss (PDI)] was introduced to determine the loss of information when sampling frequency is reduced.
Materials and methods

Study site
The river Danube is the second largest river in Europe and is more than 2,800 km long, with a catchment area of 817,000 km 2 . The Ráckeve-Soroksár Danube arm is the second largest side arm in the Hungarian section of the river Danube, and is located between 1,642 and 1,586 river kilometres. The study was conducted in the side arm of the Ráckeve-Soroksár Danube downstream of Budapest in the Sport-sziget side arm (47
• 21 38 N, 19
• 05 08 E). The Sport-sziget side arm is a parapotamal type of water body; it is situated in the area of Dunaharaszti. The arm length is 500 m, the width is 20-30 m and the depth is about 1-1.5 m; the water level fluctuation is negligible due to regulations. In the littoral zone, macrovegetation is formed mainly by reed; the siltation is remarkable. Although the side arm has a permanent connection to the Ráckeve-Soroksár Danube, it can be regarded as stagnant water. The study site was designated on the basis of our objectives, which required a water body with abundant crustacean plankton within a river, and possibilities for daily sampling; what is more, it is entitled to major interest since the Ráckeve-Soroksár Danube deserves attention, owing to its utilisations and human impact. In most cases, all zooplankton were identified and counted; only the samples characterised with extremely high individual numbers were split into two parts after homogenising, then one subsample was counted. Nauplii were counted in 5-ml subsamples in special counting chambers after homogenisation. For the taxonomic determination of the animals' identification keys by Forró (1999, 2001) , Einsle (1993) , Amoros (1984) and Dussart (1969) were used. Copepods and cladocerans were identified to species level; however, copepods belonging to the suborder Harpacticoida and ostracods were only counted. Diversity patterns were analysed with the Shannon and Berger-Parker indices, diversity profiles were used to compare the diversity of assemblages at different sampling frequencies. Non-metric multidimensional scaling using the Euclidean distance was performed in order to explore temporal patterns within the 39 days and detect outliers. Data were standardised by the variance before creating the similarity matrix for the ordination. A single index (PDI) was introduced to determine the loss of information (%) when sampling frequency is reduced. It is calculated with the formula: PDI = (Maximal change within day/maximal change within the study period) × 100. The denominator is constant (maximal change within 1.5 years), whereas the numerator can be altered according to the interest (1 day, 2 days, etc.). The change can refer to the change in species number, diversity or abundance of a given taxon. For determining the effect of sampling effort on the crustacean assemblage, the Du Rietz method (Du Rietz et al. 1920 ), the Bertalanffy model and linear regression were used. All data analyses were performed using the PAST program (Hammer et al. 2001) .
Results
Community structure, temporal and diversity patterns A total of 38 species was detected during the study period, from which 29 were cladocerans and nine were copepods (Table 1 ). In addition, ostracods and Harpacticoida were also recorded and included in the analysis, but they were not identified to species level. Species with the highest level of constancy included Alona rectangula, Bosmina longirostris, Diaphanosoma mongolianum, Moina micrura, Eucyclops serrulatus and Thermocyclops crassus. During the 39-day period, T. crassus, M. micrura and A. rectangula were absolutely constant. Thermocyclops crassus was the most abundant species both within the 39 days and within the whole study period. Moina micrura contributed up to 11.3% of the total zooplankton community, while B. longirostris and T. crassus added up to 38.3% and 46.9%, respectively, of the total density.
In the year of 2007, total zooplankton abundance rapidly increased in May then remained high during the summer with notable fluctuations and decreased in early autumn (Fig. 1) . Abundance peak was observed on June 20, which can be attributed to the relatively high densities of T. crassus. The seasonal dynamics of cladocerans and copepods showed similar patterns; cladocerans peaked in May while copepods in June; however, the densities of cladocerans were relatively low during the summer and copepod densities were higher in almost every case. Daily sampling was performed between 13 June and 21 July. During this term, zooplankton densities ranged from 245 to 3,746 ind./50l. Much of the abundance was attributable to the population of T. crassus. The male/female, copepodite/adult and egg-carrying females/females without eggs ratios were also determined by T. crassus (Fig. 2) . The male/female ratio suggests that females dominated in almost every cases. Egg-carrying individuals occurred with high frequency in mid-June, and as for the copepodite/adult ratio, mostly adult individuals dominated; copepodites peaked in the middle of July.
The diversity patterns were explored with two different diversity indices; Shannon and BergerParker diversities were calculated within the 39-day period (Fig. 3) . The Berger-Parker diversity is sensitive to the dominance of the dominant species. Due to the strong dominance of T. crassus, the Berger-Parker diversity is relatively low, suggesting that the evenness is not large. Looking at Fig. 3 , the fluctuations seemed to be inverse: when the Shannon index takes the lowest values, the Berger-Parker diversity peaks and vice versa.
The similarity patterns of the 39 days are presented in Fig. 4 . In order to compare the diversities of the samples taken with daily frequency (summing up the samples within the 39-day period) and the samples taken roughly once in a month (one sample), diversity profiles were constructed based on the findings of the ordination. Since there are 39 samples, from which we have to choose one, it is rewarding to select the points Fig. 4 The ordination plot of the samples collected between June 13 and July 21 with the diversity profiles. Diversity profiles represent the diversities of the samples taken with daily frequency (summing up the samples within the 39-day period) and the samples taken roughly once in a month for days 1, 9, 31 and 37 according to their ordination. Accordingly, 4 days (day 1, 9, 31 and 37) were selected from different positions for comparison with the samples collected at daily intervals. Diversity profiles suggest that samples taken on a daily basis are usually characterised with higher diversities; however, the curves are not always comparable, as they overlap (Fig. 4) with increasing distance from the intersection. The high diversities of the daily samples by minor values of alpha indicate that the species number and the number of rare species are greater here as compared to the samples taken once in a month. The other end of the scale is the measure of evenness with the Berger-Parker diversity, which implies that there is only a slight difference between the samples.
Effect of sampling effort
Originally, sample size (volume of the water taken out at the sampling site) was 50 l. A total of 1,950 l (50 × 39) of water was filtered during the 39-day period. Supposing we collect samples at 2-day intervals, we can do this in two ways depending on the first sampling date. It means 1,000 or 950 l of water, respectively, depending on the sum of samples (20 and 19 samples, respectively). At 3-day intervals, there are three possible outcomes; finally, when we take only one sample within the 39-day period, there are 39 possible samples, each containing 50 l of water. So altogether, a total of 780 samples can be generated. Since it is a short period, the results are not affected by seasonal dynamics, so the individual samples can be summed. When we plot the sample size (volume of water) against the number of taxa, it will form a typical accumulation curve. We managed to fit the Bertalanffy model (Fig. 5) to our data set. The results suggest that taking out 50 l of water does not permit detecting several taxa. At least 200 l of water should be filtered through the plankton net in order to detect half of the species; however, 1,000 l would be ideal (the accumulation curve becomes saturated) for detecting the majority of species (about 90%). From another point of view, taking out 1,000 l of water is the equivalent to a 20-day sampling period. If we measure the sample size at the logarithmic scale, linear regression can describe the relationship between sampling effort and number of taxa (regression equation: number of taxa = −12.36 + 12,458 log sample size; r 2 = 0.82; n = 780; p < 0.001). Thus, instead of a logistic curve, we can describe the phenomenon in a more convenient way.
The effect of sample size can also be analysed with the rule of Du Rietz. The Du Rietz curve can be generated by plotting the five constancy levels of the species (0-20%, 20-40%, 40-60%, 60-80%, 80-100%) against the number of species (Fig. 6) . The rule states that, if our sample size has reached the constant minimal area of the community, the Du Rietz curve turns into a U-shape, meaning that the relative contribution of the constant and accidental species increases while the number of accessory species remains low. The curve will become asymmetrical with the highest values at lower constancy levels when the constant minimal area is not reached, as the number of absolute constant species remains low. Similarly, after going beyond the constant minimal area, the number of accidental species may increase appreciably, resulting in an asymmetrical curve with maximum values at a higher degree of constancy. Our results suggest that taking out 300 l of water is sufficient for achieving the constant minimal area (i.e. minimal sample size). Fifty liters of water (sample size used in the present study) does not represent the constant minimal area, as the number of constant species is low, whereas accidental species hit larger values. Taking out 350 l of water will lead to an asymmetrical curve with large numbers of constant species, meaning that the constant minimal area has been overestimated. Figure 6 shows the transitional features of the Du Rietz curves taking the applied sample size (50 l) as the starting point.
Effect of sampling frequency
A single index (PDI) was introduced to determine the loss of information (%) when sampling frequency is reduced. The formula measures the potential loss of information depending on the sampling frequency. It was calculated for the total abundance of zooplankton, number of taxa and densities of T. crassus, B. longirostris and M. micrura, moreover, for the adult/larva ratio of copepods and for the Shannon and BergerParker indices. The loss of information refers to the loss in the estimation of the above-mentioned variables when sampling frequency is reduced. Table 2 presents the PDI index at daily sampling frequencies (based on the calculations for the 39-day period), whereas Table 3 shows the information loss at biweekly sampling frequencies (based on the calculations for the whole study period, excluding samples taken on the daily basis). Results suggest that there are large differences between species, namely T. crassus densities change rapidly, whereas B. longirostris densities varied slightly (∼2%) within the 39 days. It means that the individual numbers of T. crassus experienced large fluctuations in the 39-day period (75.67% variation within 1 day as compared to the change within one and a half year of the study period). As a consequence, 75.67% potential information is lost when samples are taken at a 2-day frequency. However, looking at Table 3 , B. longirostris densities showed large variation within 2 weeks (95.94%), which is due to the fact that the population peak (15,730 ind./50 l) was not observed within the 39 days (population peak: 330 ind./50 l) but in May 2008. Thus, it is conspicuous that the PDI index indicates minor variation at daily frequency with a maximum of 2.10% variation as compared with the whole study period. Therefore, it seemed evident to present the results in two different aspects (Tables 2  and 3) . Similarly, the adult/larva ratio of copepods implied larger fluctuations within the 39-day term, but it is not true for the diversity indices. The Shannon and Berger-Parker indices showed large variation within 2 weeks (Table 3) . Considering all variables, 14 weeks (∼3 months) proved to be enough to achieve the 100% variation within the whole study period. However, the densities of T. crassus, M. micrura and the adult/larva ratio of copepods displayed major variations (above 90%) within 2 weeks ( Table 2 ). The variations in the number of taxa were constant (40%) within the 39 days and reached the 100% limit at 10 weeks. Total zooplankton abundance varied moderately within the 39 days but showed major variation (93.19%) within 2 weeks in the whole study period, which can be originated in the population peak of B. longirostris.
Discussion
Our results pointed out that sampling effort and sampling frequency can have a significant impact on the monitoring of the planktonic crustacean assemblage at least within the framework of the present case study. Diversity patterns proved to be one useful tool for describing the zooplankton community structure. The inverse fluctuations of the Shannon and Berger-Parker indices can be attributed to the sensibility of measures. Berger-Parker index is relatively sensitive to the evenness, whereas the Shannon index considers the species number rather important. When the Berger-Parker index takes large values, the abundance of the dominant species (T. crassus) is low indicating relatively large evenness; however, it does not mean large species number definitely. The examined water body was not species-poor but it was strongly dominated by one species (T. crassus); thus, calculating the Berger-Parker index seemed to be relevant. Diversity profiles indicated that samples taken on a daily basis can be characterised by higher diversities, particularly regarding species richness. However, the results are not always comparable due to the overlapping curves. This suggests that, as for the evenness, there are only minor differences between samples taken at daily frequency and those of once in a month.
The effect of sampling effort was tested with two different methods. The minimal sample size resulted in 1,000 and 300 l of water, respectively. This sample size is beyond those applied in the studies of riverine plankton: 10 l (Illyová 2006 ), 20 l (De Ruyter Van Steveninck et al. 1990 ), 25 l (Vranovsky 1991) , 30 l (Saunders and Lewis 1989) , 40 l (Reckendorfer et al. 1999) , 50 l (Gulyás 1995) , 60 l (Ietswaart et al. 1999) , 100 l (Gulyás 1994; Maria-Heleni et al. 2000) and 200 l (V. Balogh et al. 1994; Bothár 1988; Bothár and Kiss 1990) . Obviously, taking 1,000 l of water would mean an enormous effort, and this should not be the desired goal. We have seen that taking out such a large volume of water will represent about 90% of the species; however, we do not need to detect 90% of the species in one sample definitely. The results are based on 39 days, which is not capable of detecting seasonal patterns. Taking out 50 l of water in winter is not the equivalent of a 50-l plankton sample taken in summer. The latter would contain far more species because seasonality influences taxa composition. The lowest number of taxa (one species) was detected in the beginning of March, whereas the highest number was 21 taxa in May. During the 39-day period, the number of taxa ranged between six and 14. The seasonal changes in zooplankton species composition are well-documented in rivers as well (Kim and Joo 2000; Kobayashi et al. 1998; MariaHeleni et al. 2000; Illyová 2006; Tubbing et al. 1994) . Thus, many species could not be registered in the present case study because of the shortterm observation. This being the case, our results should be handled watchfully.
The Du Rietz rule was tested exactly only for homogeneous plant associations with low species number. In heterogeneous associations with high species richness, the Du Rietz curve can be skewed (Balogh 1953) . According to the present work, the Du Rietz curve has taken the U-shape, more or less proving that it can be used for such communities. The rule can only be applied for taxa with minor variations in size within a definite order of magnitude. This assumption is fulfiled in case of planktonic crustaceans. Our results suggested that some 300 l of water represents the constant minimal area (i.e. minimal sample size) of the crustacean plankton in the Sport-sziget side arm. However, we should not forget that the size of the minimal area is subject to seasonal and regional variations (Kronberg 1987) .
Generally, seasonal dynamics of riverine zooplankton have been discussed on the basis of samples collected at biweekly (Kim and Joo 2000; Maria-Heleni et al. 2000; Reckendorfer et al. 1999) or weekly intervals (Bothár 1988; Bothár and Kiss 1990; V.-Balogh et al. 1994) . Bothár (1996) performed zooplankton investigations in the river Danube on the daily basis and pointed out that no regular quantitative change or fluctuation in zooplankton abundance can be observed, although phytoplankton and water chemical data showed regular daily patterns. Copepods showed 2-3-day periodicities, which was attributable to the structural changes of different developmental stages. The author considered the weekly sampling strategy as an adequate tool to get a clear picture of the species composition and quantitative changes of zooplankton in the river Danube. Our results (PDI index) indicate that abundances may experience notable fluctuations even within 1 week, as do diversities and adult/larva ratios. According to the findings within the 1.5-year study period, samples taken at biweekly frequencies are not always sufficient (PDI for total abundance is 93% within 2 weeks). This is partly due to the relatively short generation time of cladocerans. The present study is only confined to planktonic crustaceans; however, rotifers are characterised with shorter generation times (Akopian et al. 2002; Lair 2006) Thorp et al. 1994-Ohio River) . Therefore, additional research is needed when sampling strategies of zooplankton can be evaluated.
In summary, we demonstrated within the framework of a case study in the river Danube that the quantitative and qualitative compositions of the zooplankton samples are strongly influenced by sampling effort and sampling frequency. The findings should be handled watchfully, but they can serve as a basis for future research.
